TbFeCo thin films sputtered from powdermetallurgical alloy targets in an in-line production system and a single disk coater for magneto-optical data storage media were investigated with regard to the impact of deposition parameters and target erosion. Layer composition and its uniformity can be estimated from determination of coercivity and compensation temperature by means of a Kerr-loap tracer. Our results for the static single disk process indicate that Tcomp is mainly influenced by cathode power (deposition rate). The effect of target aging was found to be small for both deposition techniques.
INTRODUCTION
Rare earth (RE)-transition metal (TM) alloys are used to deposit thin amorphous films for magneto-optical data storage media (1) . All membe~s of this class of materials possess a compensation point, where the net magnetization vanishes, while coercivity Hc diverges. Since compensation temperature is a very steep function of thin film composition, one of the major concerns in production of RE-TM layers by magnetron sputtering is decomposition of the alloy during the deposition process caused by different yields, different angular emission characteristics and selective resputtering of the individual materials.
Earlier investigations (2) using different types of rectangular targets in an in-line coating system have indicated that the metallurgical state of target material (amount of intermetallic phases) has an essential impact on local inhomogenities of particle fluxes. Fig.1 shows results of deposition trials with two different target materials. Layer composition evaluated by ESCA is plotted versus substrate position relative to the target center.
The aim of the work presented in this paper was a systematic investigation of selected targets with regard to TbFeCo thin film properties for different sputter techniques (dynamic deposition with rectangular targets and static depo- ( sition With circular targets). Possibilities to adjust and control layer composition and its uniformity by appropriate sputter parameters were especially studied in case of the single disk process using the circular target. The work includes also the investigation of target erosion effects which are of great practical importance with regard to the usable operation time in pro-duction systems for recording media.
EXPERIMENTAL
All investigated samples have a trilayer configuration of SiN x (80 nm), TbFeCo (80 nm or 110 nm) and SiN x (80 nm). The layer stacks were deposited on glass substrates and 5.25" polycarbonate disks using DC planar magnetron sputtering in an in-line production system (LH A400) and a single disk coater (LH A130 SDV). Both systems are described in detail elsewhere (3, 4) .
488'mm x 88 mm or 630 mm x 88 mm rectangular targets can be used for media production in the vertical in-line system. Substrates are fixed to carriers which pass three different coating stations for subsequent production of the layer stack (dynamic deposition).
In the single disk coater the deposition is static and circular magnetrons (max. target diameter 250 mm, 212 mm are necessary for production of 5.25" disks) are used. Inner and outer diameter disk masking is integrated to the process stations. The cathodes are equipped with rotating magnet sets to achieve required thickness uniformities (approx. ±2% in the recordable area of a 5.25" disk).
The target-to-substrate distance for the deposition trials reported here was 85 mm in the in-line system and 55 mm in the single disk coater. In both machines the silicon nitride layers are sputtered in DC reactive mode from a Si target which is operated in an Ar/N 2 gas mixture. Background pressures in the depositton chambers .
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for the RE-TM' alloy are at about 5 ·10 Pa.
The TbFeCo targets were prepared by a powdermetallurgical process. Prealloyed FeCo and Tb Fe powders were used which were sintered and annealed at a defined temperature profile to control the formation of the required amount of intermetallic phases. Target dimensions and compo-'sitions are as follows: 
RESULTS AND DISCUSSION
In-line system A400
The target was eroded with constant cathode power of 510 W at an Ar pressure of 0.5 Pa. The cathode is equipped with a magnet lift system for operation at constant discharge voltage during target life. Tcomp vs. target age for dynamic deposi-magnet field strengths (cathode voltages). The local variations of Tcomp indicate that Tb is preferentially sputtered at low angles with respect to the macroscopic target surface normal. This observation is in general accordance with earlier results for targets having low intermetallic phases (see (2) and Fig.1) . Variation of magnet field leads to a shift of Tcomp values but has no influence on the distribution.
In Fig.3 compensation temperature of samples produced by dynamic deposition is plotted versus target age.
Data measured by Shieh (5) for Tbx(FegOCo10)100_x layers with 24 < x < 27 (at%) can be used to derive the following relation: Tcomp = 50 + (x -24) . 33 (OC) (1) From Fig.3 and equation (1) we conclude that Tb content of the layers is about 25 at%. Compositional shifts due to target erosion are in the range of 0.5 at%.
The total life of this target was 14,3 kWh. Since its length was not suitable for a real production process in this machine, no further conclusions can be made with regard to its productivity.
Single disk coater A130 SDV
A detailed study on the impact of process parameters has been carried out for the single disk process. The target was eroded at constant cathode power of 1710 Wand an Ar pressure of 0.3 Pa. The erosion was interrupted at various stages of target age to produce samples at three different power levels and two different Ar pressures. Results of power variation experiments are summarized in Fig.4 . Hand T values are c comp plotted as a function of radial position on the 5.25" substrates. These data indicate that mean value and uniformity of layer composition can be adjusted by cathode power resp. deposition rate. Values of Tb content determined from equation (1) range from about 25 at% (lowest power level) to about 24 at% (highest power level). Very uniform layers are deposited at low and medium rates.
The influence of pressure is not included in Fig.4 . It was found to be weaker than the effect of cathode power, as can be judged from Fig.5 . In this figure radial mean values of Tcomp are plotted versus target age for the different sputter conditions. Target aging effects are in the same range as shown in Fig.3 for the dynamic deposition. The increase of room temperature coercivity with target age (see Fig.5 ) reflects the decrease of compensation temperature. The presputtering phase of this target was studied in detail. Thin film compensation temperature starts at high values and decreases rapidly with operation time until an equilibrium state is reached after approx. 4 kWh (4% of total target life). This effect may be explained with preferential sputtering of the heavier alloy component (higher sputtering yield) in the early stage of target surface erosion.
Data on material utilization and productivity of this target are given in Fig.7 .
SUMMARY
For given sputter deposition techniques and TbFeCo materials our experimental work in different production systems for magneto-optical recording media has indicated that thin film composition is close to that one of the target and nearly constant throughout the target life time. Shifts in Tb content due to target erosion are approx. 0.5 at%. Detailed investigations in case of the static single disk process show that mean value and uniformity of thin film compensation temperature can be adjusted by cathode power. Very good uniformities on 5.25" disks are observed at low deposition rates.
